The effects of low-phosphorus diets with two levels of phytase were examined in broiler chickens using eight replicates per treatment. The diets contained 40 % of spring barley with either 201 or 305 phytase activity units per kg. Chromic oxide was included in the diets as an indigestible marker. Excreta were collected during four consecutive three-day balance periods from the 12 th to the 23 rd day of age. No difference was observed for body weight gain between the dietary treatment groups but feed conversion ratio was better (P < 0.05) when higher phytase barley was used. In spite of the higher dietary level of phosphorus, the coefficient of apparent P retention was higher (P < 0.01) in higher than in lower phytase group. The retention of phosphorus increased (P < 0.01) with time of feeding in both low-phosphorus dietary groups. Differences between treatments in concentration of calcium, phosphorus, magnesium, sodium and potassium in defatted tibia were not significant (P > 0.05).
INTRODUCTION
Phytate, i. e. myo-inositol 1, 2, 3, 4, 5, 6-hexakis dihydrogen phosphate serves as a storage form of phosphorus (P) in plant seeds (Reddy et al., 1982) . About 70 % of the P in barley is bound as phytate (Lott et al., 2000) .
Phytase is a naturally occurring enzyme that can degrade phytate to yield inositol and P (Liu et al., 1998) . One unit (1 U) of phytase activity is defined as the amount of enzyme which releases 1 μmol of inorganic phosphate from sodium phytate per minute at pH 5.5 and 37 °C (ISO, 2009) . Feedstuffs of plant origin contain small quantities of their own endo-phytases which can hydrolyze only a small part of total plant phosphorus. As poultry do not synthesize phytase (Nelson, 1967) , much of the phytate P present in the diet is passed out into the excreta. Thus the requirement of animals for P must be met either by additional mineral P sources or by supplementation of industrially produced microbial phytase. Denbow et al. (1995) studied the supplements of phytase to broiler diets containing different levels of P. They observed improved body weight gain (P < 0.01) at all P levels, but the magnitude of response was greatest at low dietary level. Feed efficiency was unaffected by phytase addition.
The aim of the present experiment was to study the effect of low-P barley-soyabean meal-maize diets contaning two different cultivars of barley with different content of phytase activity on growth rate, feed efficiency and phosphorus retention in broiler chickens.
MATERIALS AND METHODS
The effects of phytase content and time of feeding upon the apparent P retention of diet were investigated in balance experiments with chickens during the fattening from the 12 th to the 23 rd day of age. The bone mineral composition of birds was also studied.
Animals and Procedures
The animal procedures were reviewed and approved by the Animal Care Committee of Mendel University in Brno. Eight day-old male Ross 308 broiler chickens were distributed according to body mass into two dietary treatments with eight replicates per treatment. There were 8 chickens per replicate pen. The animals were kept in balance cages (850 × 1000 mm) in an air-conditioned room. Heating and lighting programmes were in accordance with the Ross Broiler Management Handbook (2014). The birds were adapted to cages and experimental diets for 3 days. On day 12, four subsequent three-day balance periods started, during which excreta were collected daily. In each period, individual weight gains and feed consumption per pen were recorded. The coefficients of apparent P retention were estimated using the chromic oxide indicator method. Using this method, individual balance periods can follow subsequently without periods of starvation. Apparent phosphorus retention was calculated by the following formula ( ) 2 3, 2 3, % 100 100
where Pdiet is the dietary concentration of phosphorus and Pexc is concentration of phosphorus in excreta. Appropriate corrections were made for differences in moisture content.
On day 23, ten chickens from each treatment were randomly chosen and euthanized by cervical dislocation. The tibias were excised and defatted in petrolether. The central parts of tibias were used for the analysis of mineral concentrations.
Experimental Diets
During the whole experiment, all chickens were fed on a non-pelleted grower diet (Tab. phosphorus retention, the diets were calculated to contain 0.20 % of available phosphorus rather than the recommended value of 0.45 %. The diets comprised 40 % of two different cultivars of spring barley, either with a low (LPB) or a high (HPB) phytase activity. Chromic oxide was added to the diets as a marker. The ingredient composition and calculated nutrient composition of diets are given in Tab. I. The diets were supplied ad libitum.
Chemical Analyses
The activity of barley phytase was determined according to ISO 30024:2009 (Animal feeding stuffs -Determination of phytase activity). The content of chromic oxide in food and freeze-dried excreta was estimated iodometrically (Mandel et al., 1960 
Statistical Analysis
Experimental data were analyzed as a completely randomized block design using ANOVA procedure of Statgraphics Plus package (Version 3.1, 1994) . When a significant value for treatment effect (P < 0.05) was observed, the differences between means were assessed by Tukey HSD test. The experimental unit was a replicate pen.
RESULTS AND DISCUSSION
The activity of phytase in LPB was 201 U/kg, i. e. 34 % lower than that in HPB (305 U/kg). The intrinsic phytase activity in soybean meal used to prepare diets was not detected, and in maize it was 8 U/kg. The contents of total phosphorus were 4.56 and 4.72 g/kg in LPB and HPB diets, respectively.
The average body weights (mean ± standard error of the mean) of HPB and LPB chickens at 11 days of age were 252 ± 2.3 g and 257 ± 1.8 g, respectively. In contrast to the findings of Denbow et al. (1995) , when animals were fed with LPB in this experiment, weight gains were slightly lower and the feed conversion ratio was significantly (P < 0.05) worse when compared with HPB (Tab. II). Juanpere et al. (2004) used a low-P diet with untreated (191 Phytase U/kg) or autoclaved barley in an experiment with broilers. Destruction of endogenous phytase had only a little negative influence (P > 0.05) on the total P retention coefficient and bone mineral density. Similar results with different intrinstic phytase activity of cereal grains (16-99 U/kg) were reported by Leytem et al. (2008) . In contrast, the effect of endogenous phytase was significant (P < 0.05) in the present study. An average apparent phosphorus retention in the LPB and HPB diets was 38.6 % and 45.1 %, respectively. In spite of slightly higher level of phosphorus in the HPB group, the coefficient of apparent P retention was relatively 16.8 % and absolutely 6.5 % higher than in the LPB group (Tab. III).
II: Effect of phytase on weight gains and feed conversion ratio
The effect of duration of feeding on apparent phosphorus utilization was highly significant (P < 0.01). The feeding of the low-phosphorus diet resulted in a linear increase in P retention by 1.6 -1.7 % for each day (Fig. 1 ). These results demonstrate that the organism adapts itself gradually to an insufficient supply of this essential mineral.
McDowell (1992) reported that the utilisation of P could be increased through active transport. In our previous experiment (Zelenka and Fajmonová, 2001 ) on chickens fed a diet with sufficient level of P, coefficients of apparent retention of P highly significantly decreased as the phosphorus requirement decreased with increasing age. On the other hand, the utilisation of P from a diet with a suboptimum level of P increased gradually with the time of feeding. Similarly Olukosi et al. (2007) found in a 21-day experiment with a diet marginally deficient in P that the apparent total tract retention of P increased (P < 0.05) with the time of feeding as the chicks grew from 1 to 3 weeks old. The ability of the chicks to retain P increased by 120 % from week 1 (15.7 %) to 2 (35.1 %) but the increase from week 2 to 3 (48.1 %) was only 40 %.
Concentration of macrominerals in dry matter of defatted tibia are shown in Tab. IV. Differences between HPB and LPB groups were not significant (P > 0.05). 
CONCLUSION
The higher level of plant intrinsic phytase in barley is very efficacious for improving phosphorus utilization in fattening chickens. Retention of P from the diet with the suboptimum level of P increased gradually with the time of feeding.
